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Abstract 
In Australia, one of the challenges in deploying CO2 capture and storage is the cost of implementing capture at the large number 
of lignite power plants. This study investigates the cost of retrofitting CO2 capture to a typical 500 MW lignite coal-fired power 
plant in Australia, and includes the costs for CO2 separation and compression of the CO2 in preparation for transport via pipeline 
to a storage site. The results show that the cost for CO2 capture using MEA solvent is over US$70 per tonne CO2 avoided. Using 
alternative solvent technology reduces the cost to less than US$30 (approximately A$35) per tonne CO2 avoided.  
Keywords CO2 capture; solvent; brown coal; economics;coal drying; MEA  
1. Introduction 
For many power generators, the capture of CO2 emissions and subsequent storage in geological reservoirs is seen 
as a technically viable option for addressing climate change. Early adoption of CCS technology by traditional power 
generators could be an effective method for achieving large reductions in emissions because of the large quantity of 
CO2 emitted from these sources. In the IPCC Special Report on Carbon Dioxide Capture and Storage (CCS) [1], 
estimates for the costs of CO2 capture range from US$30 to over US$50 per tonne CO2 avoided for new coal fired 
power plants. The costs of retrofitting capture technology to existing plants range from US$45 to over US$70 per 
tonne CO2 avoided, with an average of US$60 per tonne CO2 avoided. 
In Australia, one of the challenges in deploying CCS is that a large proportion of the national emissions are from 
subcritical lignite power plants, which account for over 25% of the stationary emissions. Retrofitting capture 
technology to existing subcritical lignite power plants is therefore essential if large reductions in national emissions 
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are to be achieved in the short to medium term. According to Stobbs and Clark [2], the capture cost for a new 
supercritical lignite power plant is estimated to be US$36 per tonne CO2 avoided.  
In this study, we estimate the cost of CO2 capture at an existing subcritical lignite power plant. Although there are 
a variety of technologies capable of separating the CO2 from flue gases, solvent technology is currently the most 
widely adopted. This study therefore considers the use of solvents and explores opportunities to reduce the capture 
cost with this technology.  
2. Method 
2.1. Processing assumptions  
The techno-economic calculations for this paper were carried out using a computer program developed by the 
University of New South Wales for the CO2CRC. The calculations use simple process correlations and rules of 
thumb to estimate equipment sizes. The outputs from these are then used to make a scoping-level estimate of capital 
and operating costs. The model is also used to calculate the energy penalty and amount of CO2 avoided.  
Our analyses assume that 90% of the CO2 is recovered from the flue gases of a hypothetical existing 500 MW 
(net) lignite pulverised coal power plant. The separated enriched CO2 stream is compressed to 100 bar for transport. 
The flue gas, which is assumed to comprise 12% CO2, 61% N2, 3% O2, 24% H2O, 200 ppm SOx and 190 ppm NOx,
is typical of an Australian power plant [3]. The thermal efficiency of the plant is assumed to be 29% HHV.  
The base case economics for this study assume commercially available mono-ethanolamine (MEA) solvent, but 
we also analyses the costs of more recently developed solvents. Numerous new solvents have been reported. Some 
of these include PSR [4], AMP [5] and CORAL solvents [6]. All of these solvents are proprietary and there is 
insufficient public information to determine flow-rates and mass transfer rates for capture processes employing 
them. However, based on the information available in the open literature, it is possible to estimate the cost of state-
of-the-art technology KS1 solvent developed by Mitsubishi Heavy Industries [7] and a 30% by-weight potassium 
carbonate solution.  
This paper also examines the cost benefits of integrating the heat from the absorption-desorption process to offset 
some of the energy used in the reboiler for regenerating the CO2-enriched solvent. Waste heat recovery, or 
integration, can include re-using the waste heat from the absorption process back in the low pressure steam cycle of 
the power plant. It can also include using the waste heat within the absorption process through integration to reduce 
the overall energy required needed from the power plant [8,9]. Supplies of waste heat include cooling the hot flue 
gas before entering the absorption column, inter-cooling in the CO2 compressors and partially cooling the 
regenerator overhead condenser. 
2.2. Economic assumptions  
The economic analysis assumes that the energy for CCS is supplied by the reference power plant.  Figure 1 
shows a simplified process diagram of the capture system with energy supplied parasitically from the power plant 
and waste heat integration.  
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Figure 1 Schematic of a parasitic capture system and power plant with waste heat recovery 
The cost estimates used in this study are based on published data and vendor quotes. The general methodology 
and breakdown of costs has been described in detail in our earlier work [10,11]. 
The costs presented here are in US$2008 terms. We assume a 7% discount rate real, a 25 year operating life for 
both the power plant and capture facility and a 3 year construction period. The power and capture plants have an 
operating capacity of 85%. The unit capital cost for the reference power plant is US$1,210 per kW and is assumed to 
have no SOx or NOx control technologies. The price of lignite coal is assumed to be US$0.9 per GJ (HHV).All cost 
estimates involving amine based solvents include the costs of flue gas desulphurisation (FGD) and Selective 
Catalytic Reduction (SCR). We assume that the solvent costsUS$1.5 per kg for MEA, US$3 per kg for KS1 and 
US$1.5 per kg for potassium carbonate solvent.  
Although, the study is for an Australian power plant, the costs have also been reported in US dollars to facilitate 
international comparisons.  
The cost of capture in $ per tonne CO2 avoided is determined using: 
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where COEG is the cost of electricity generation ($ per MWh), CO2 represents the rate of CO2 emissions in tonne 
per MWh, Capex is the total capital expenditure ($), Opex is the total annual operating costs ($), and h represents 
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the total operating hours (hours). K represents the number of years for plant construction, and n the total project 
operating life. The subscript 0 indicates ‘without CO2 capture’ while Cap indicates ‘with CO2 capture’.  
3. Results
Table 1 presents the results of the cost estimates for the retrofitted 500 MW lignite power plant. Cases A and B 
show the costs using MEA solvent, without and with partial heat integration, respectively. Case C estimates the cost 
using KS1 solvent with waste heat integration. Case D shows the costs using a 30% by-weight potassium carbonate 
solvent, without pre-treatment costs and waste heat integration. The costs range from US$30 to over US$70 per 
tonne CO2 avoided. The energy penalty ranges from 26% to 43% [9]. Capturing CO2 increases the cost of electricity 
generation from US$33 per MWh to US$98 per MWh.  
Table 1 Capture costs for an existing sub-critical lignite power plant 
Case Reference plant A B C D 
Solvent    MEA MEA KS1 Potassium carbonate 
SOx FGD N Y Y Y N 
NOx SCR  N Y Y Y N 
Waste heat integration?   N Y Y Y 
Power plant gain (MWth)  0 290 220 320 
Gross power (MWe) 550 550 550 550 550 
Sent out power (MWe) 500 287 339 360 368 
Energy penalty (%)  43 32 28 26 
Thermal efficiency (% LHV) 31 18 21 22 23 
Capital cost TCR (US$/kW net) 1210 3925 3390 3180 2480 
CO2 emission (t/MWh) 1.09 0.19 0.16 0.15 0.15 
COEG (US$/MWh) 33 98 83 76 62 
'COEG with capture (US$/MWh)  65 52 44 28 
Capture cost (US$/t CO2 avoided)  73 55 46 30 
Figure 2 shows the percentage breakdown of the total capital cost, operating cost and the energy usage for CO2
capture for Case A and C (using MEA and KS1 solvents). The results show that the total equipment cost is relatively 
evenly distributed between pre-capture (NOx and SOx treatment), capture (CO2 absorption and regeneration) and 
post-capture (CO2 compression). However, the energy for solvent regeneration is the largest contributor to both the 
operating costs and the energy penalty.  
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Figure 2 Contributions to the total capital and operating costs and the energy penalty for CO2 capture using MEA solvent 
Figure 3 shows the breakdown of capture cost into its capital and operating components for MEA, KS1 and 
potassium carbonate solvents. The operating and capital costs are highest for MEA, followed by KS1 and potassium 
carbonate.
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Figure 3 CO2 capture breakdown into capital and operating costs for MEA, KS1 and potassium carbonate solvents 
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4. Discussion
4.1. Energy penalty and solvent properties  
Using current commercial MEA solvent technology, the cost of CO2 capture from a subcritical lignite power 
plant is estimated to be over US$70 per tonne CO2 avoided (Case A in Table 1). The cost of capture is high because 
of the high capital cost (US$3,925 per kW), coupled with the high energy penalty (42%). 
Our estimates of the costs of capturing CO2 from an existing subcritical lignite power plant are significantly 
higher than those reported in Stobbs and Clark [2] and those in the IPCC Special Report [1], (over US$70 per tonne 
CO2 avoided compared to less than U$40 for a new lignite plant [2] or US$60 for an existing sub-bituminous plant 
[1]). The higher costs imply that it may be less expensive to implement CO2 capture at 1) newer higher efficient 
lignite power plants or 2) at sub-bituminous power plants where the flowrates result in smaller and consequently 
cheaper capture equipment.  
If process waste heat recovery or integration is applied, the capture cost decreases to US$55 per tonne CO2
avoided for the MEA solvent (Case B in Table 1). By using 290 MW of thermal energy from the absorption and 
regeneration steps in the capture process, the energy penalty falls from 42% to 32%.   
In addition to heat recovery/integration, a low regeneration energy solvent could be used. A solvent such as KS1 
has a much lower energy requirement than MEA (3,636 kg per tonne CO2 captured compared with 4,435 kg per 
tonne CO2 captured). Using KS1 solvent with heat integration reduces the cost to US$46 per tonne CO2 avoided 
(Case C in Table 2). 
By using waste heat recovery/integration and a new low regeneration energy solvent, the cost falls by almost 
30% compared with using MEA solvent with no heat integration. This cost reduction is achieved by reducing the 
largest component of the operating costs and the energy penalty in Figure 2, which is the energy needed for the 
solvent regeneration.  
4.2. SOx and NOx pretreatment  
One of the inherent disadvantages of amine based solvents such as MEA and KS1 is that acidic components in 
flue gas such as SOx and NOx react irreversibly to form stable salts. This leads to solvent losses and limits the 
capacity of the solvent to absorb CO2.  Equipment such as flue gas desulphurisation (FGD) and selective catalytic 
reduction (SCR) is necessary to control the solvent loss. In Australia, one of the features of power plants is that 
environmental regulations for SOx and NOx are less stringent than elsewhere and very few plants have SOx and NOx
treatment facilities. Therefore, retrofitting a power plant for CO2 capture using amine solvent technology also 
requires commercial SOx and NOx control technologies to be retrofitted. As shown in Figure 2, these components 
add considerable cost. 
Alternative solvents that are tolerant to SOx and NOx include weak alkali salts such as sodium or potassium 
carbonate. The advantage of using these solvents is that they are cheap, have low regeneration energy requirements 
and have a low degradation rate. However, sodium and potassium carbonate aqueous solutions do have a number of 
practical disadvantages. The solutions tend to react relatively slowly with carbon dioxide causing low mass transfer 
rates and resulting in very large absorbers. Thus, there have been very few commercial or large scale projects 
demonstrating CO2 capture using potassium or sodium carbonate solutions. However, this disadvantage can be 
overcome by using promoters such as piperazine or boric acid to enhance the reaction rate, coupled with vacuum 
stripping for regeneration. This is an area of active and promising research which has shown that enhanced 
potassium carbonate solutions can have comparable reaction rates with MEA solvent [12,13].  
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The cost using a solvent such as potassium carbonate that is SOx and NOx tolerant in conjunction with vacuum 
stripping and waste heat recovery, the is estimated to be US$30 per tonne CO2 avoided (Case D, Table 1). Using 
potassium carbonate rather than MEA or KS1 solvents is cheaper than because the capital cost of the retrofitted 
capture equipment is lower. By removing the SOx and NOx pre-treatment, the capital cost falls to US$2,480 per kW 
of net power output. An energy penalty of 26% is comparable with 28% for KS1 and much less than the 42% 
penalty for MEA. The lower energy for regeneration is attributed to the lower heat of absorption and increased 
absorption capacity for the enhanced potassium carbonate compared to MEA. 
4.3. Coal drying  
Another of the disadvantages of lignite coals is their high moisture content. Typically this is 60% to 65%. 
Compared to bituminous coals, which have less moisture, this reduces the thermal efficiency of the power plant 
boiler because a considerable amount of the energy from burning the coal is used for in-furnace drying.  One 
opportunity to improve the performance of low-rank coals is to dry the coal using low energy methods such as 
mechanical thermal expression [14] or steam fluidised bed drying [15]. The following analysis estimates costs for 
CO2 capture from a lignite power plant retrofitted with coal drying and post combustion capture. We assume that the 
drying unit costs US$1,000 per kW (gross power) or US$160 per tone of coal. With a flue gas composition of 13% 
CO2, 71% N2, 4% O2, 11% H2O, 190 ppm SOx and 660 ppm NOx, pre-drying the coal increases the thermal 
efficiency of the lignite power plant increases to 35% HHV.  
Table 2 shows that the estimated cost of capture using potassium carbonate solvent with coal drying is US$36 per 
tonne CO2 avoided. This is slightly higher than for the retrofitted lignite power plant without coal drying which has 
a cost of US$30 per tonne CO2 avoided (Table 1). The higher cost reflects the additional cost of the coal drying unit, 
which adds over US$500 million to the total capital cost. When the lignite coal is pre-dried, although the overall 
energy penalty falls and the sent-out power increases from 370 MW to 400 MW, the added costs offset the gains in 
the energy penalty. For coal-drying to be cost effective when coupled with capture, the unit costs of the dryer need 
to be less than US$100 per tonne coal.  
Table 2 Costs of solvent capture of retrofitted lignite power plant with coal drying  
Power plant Reference Lignite with no coal 
drying Lignite with coal drying 
Case  D E  
Solvent  N/A Potassium carbonate Potassium carbonate 
Thermal efficiency (% HHV) 31 23 28 
Capital cost TCR (US$/kW net) 1210 2,480 3,565 
CO2 emission intensity (t/MWh) 1.09 0.15 0.11 
COEG (US$/MWh) 33 62 68 
'COEG with capture (US$/MWh)  28  35 
Capture cost (US$/t CO2 avoided)  30 36 
5. Conclusion 
The cost of capturing CO2 from a subcritical lignite power plant using commercially available solvents such as 
MEA or KS1 ranges from US$46 to over US$70 per tonne CO2 avoided. This cost reflects the high capital needed 
for large equipment and the high operating cost of regenerating the chemical solvent.  
This study shows that for Australian lignite power plants, the cost of capture using an enhanced potassium 
carbonate solution in conjunction with waste heat integration could be as low as US$30 per tonne CO2 avoided. This 
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is up 50 % less than for commercially available amine solvents because of the removal of the pretreatment facilities 
necessary in Australian power plants. 
Drying coal before combustion improves the thermal efficiency of the power pant and reduces the overall energy 
penalty of capture. However, the cost of the drying unit does not improve capture economics unless the unit cost of 
the dryer is less than US$100 per tonne of coal.  
The results shows that with improved technology, the likely cost of capture using chemical absorption may make 
CCS a competitive greenhouse mitigation option based on current carbon trading prices. However, the results of the 
analysis are only indicative, and the modelling does not examine complex design configurations. Further detailed 
process modelling, simulation and optimisation are required to confirm the reductions in costs estimated here. 
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